S1. Thickness characterization by Atomic Force Microscopy
We measured the thickness of 1L-MoTe2 by Atomic Force Microscopy (AFM). Figure S1a shows the optical microscope image of 10 samples with monolayer MoTe2 flakes. We preformed AFM measurements around the 1L and extracted the step height from substrate to monolayer. The traces along the dash lines are measured and shown in the Figure S1b . We notice that the step height of monolayer MoTe2 exhibits large variations, ranging from 0.9 to 2.4 nm. As discussed in main text, it might be due to the surface contamination or atomic water layer which is encapsulated between the flakes and the substrate. We further summarized the step height for 10 samples with the bar chart in Figure S1c . 
S3. Anti-Stokes Raman intensity and sample temperature calibration.
We use a suspended multilayer graphene (~10nm thick) to calibrate our optical system. In the photon range we are working with multilayer graphene has a flat optical response and we assume that its R in Equation (2) can be approximated by unity. At a given laser power we determine the temperature of the sample from Stokes and anti-Stokes Raman scattering of the G band, following Ref. [8] . Knowing the temperature, we then apply Equation (1) in the main text to compare the expected and measured Stokes and anti-Stokes Raman intensity; a typical spectra of the shear mode of the suspended graphene sample is shown in Fig.S1(a) . The same sample is used to calibrate all three different laser excitations.
At 532nm and 514nm the calibration values do not deviate significantly from 1 (1.00±0.04 and 0.99±0.04 respectively) since the Stokes and anti-Stokes breathing mode scattered photons have very similar energies (<0.3% difference) and the grating response is fairly flat; at 488nm the grating is more light wavelength sensitive and the calibration value is found to be 1.32±0.03. The uncertainties of calibration were propagated into the error bars in Fig. 4(b) .
The Stokes anti-Stokes ratio depends on sample temperature since phonons are bosons as we 4 discussed in the main text. In general, absorption of laser light causes sample heating. As shown in Fig.   S1 panels b & c for a 5L MoTe2, the IMC and OMC peaks soften and broaden with laser heating for powers above 1 mW. To calibrate the temperature, we placed the same samples inside a cryostat with a built-in heater. The spectra were taken with incident laser power of 100 W. Figure S1(d limited. We expect that for the power used in our experiment, the sample temperature is at most 20 K above room temperature. This defines the gray band in Fig.4(b) of the main text. The temperature-dependent peak energy of the IMC and OMC modes.
